Although the aminoglycoside antibiotics (the most commonly used of which are streptomycin, neomycin, kanamycin, gentamicin, and tobramycin) are known to be potentially nephrotoxic (Falco et al., 1969) there have been conflicting reports on their degree of nephrotoxicity (Shimizu, 1969; Scottish Gentamicin Symposium, 1975; Wellwood et al., 1975) . The recent report of Wellwood et al. (1975) has shown that urinary enzyme assays can be very sensitive in detecting renal effects of gentamicin.
During early studies on the proximal tubular enzyme, y-glutamyltransferase (y-GT; EC 2.3.2.2.), increased urinary excretion was detected in a patient treated with tobramycin (Beck and Chaudhuri, 1976 ). The present study shows the effects of gentamicin, tobramycin, and streptomycin on urinary y-GT excretion in patients treated for a variety of infections with these antibiotics.
Patients and methods
Forty-one patients were included in the trial receiving either tobramycin, gentamicin or streptomycin. In addition, a 'control' group, consisting of patients receiving other antibiotics, was also investigated. ' Present address: Royal Hospital for Sick Children, Glasgow Received for publication 11 October 1976 The decision as to the need for antibiotic therapy, selection of antibiotic, and duration of therapy was based on clinical diagnosis, general condition of the patient, and presumed or proven bacteriological diagnosis. Patients with renal disease known to cause elevations of urinary y-GT were excluded. Many of the patient details are given in Tables 1-3. A 24-hour urine collection was started as soon as antibiotic therapy was initiated, and venous blood was taken to enable the creatinine clearance to be calculated. Further urine collections and blood samples were taken several times during antibiotic therapy and also after cessation of therapy. Urine collections were stored at 40C until assay. Venous peak and trough levels of gentamicin and tobramycin were measured in 12 patients. In no case were the peak levels in the toxic range (greater than 10 Htg/ml).
Details of other drug therapy were noted, but no attempt was made to exclude patients because of other drug therapy.
Urinary y-GT was assayed on well-mixed, undialysed urines with a kinetic method using y-glutamyl-p-nitroanilide as substrate (Beck and Chaudhuri, 1976 ) and the same assay technique was used for serum y-GT. Because of the direct correlation which normally exists between urinary y-GT excretion (as U/day) and creatinine clearance (Fig. 1) , the urinary y-GT excretion was expressed as a ratio to creatinine clearance, as previously Aminoglycoside antibiotics and renal function: changes in urinary y-glutamyltransferase excretion (0) andpatients with a variety ofrenal diseases (0). The y intercept (8-13) is used in the calculation of the y-GT:creatinine clearance ratio = y-GT 813 creatinine clearance described (Beck and Chaudhuri, 1976 (1976) and in the present paper is because the former expresses creatinine clearance as ml/sec whereas the latter uses ml/min. Creatinine was assayed by the Jaffe reaction using a Technicon AA1 system. Table 1 summarises the clinical details and results for the nine patients receiving 10 courses of gentamicin. All patients showed increased levels of urinary y-GT, ranging from 1-6 to 19 times normal. The peak value for y-GT occurred at different times during antibiotic administration, but elevated values were found very quickly after the start of antibiotic therapy. It took more than three days for the elevations of y-GT to occur in only two patients receiving either gentamicin or tobramycin. After the antibiotic was stopped the time for the y-GT to return to normal was quite variable, ranging from three to more than 38 days. Table 2 summarises the clinical details and results for the eight patients treated with nine courses of tobramycin. All patients showed elevations of urinary y-GT, ranging from 1-6 to 14 times normal. The time taken for the y-GT to return to normal after the antibiotic was stopped ranged from one to 45 days.
Results
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Twenty-four patients received streptomycin for the following conditions: pulmonary tuberculosis (TB) (19 patients), pulmonary and skeletal TB (1), skeletal TB (1), tuberculous meningitis (2), and brucellosis (1). Chemotherapy for tuberculosis in all patients also included rifampicin (or ethambutol), isoniazid, and pyridoxine. Only 11 (46%) of the patients showed increased levels of urinary y-GT and the increases ranged from 1-2 to 6 times normal. Increased urinary y-GT was present within three days in the four patients in whom the beginning of streptomycin therapy was monitored. Four patients were followed after stopping streptomycin. In three the urinary y-GT returned to normal within five days; the other patient took more than 31 days to return to normal. Figure 2 summarises the changes in urinary y-GT for the three aminoglycoside antibiotics.
CONTROLS
Thirteen patients receiving other antibiotics for a variety of infections were included as a 'control' group. The clinical details and results are summarised in Table 3 . Six of these patients showed increased urinary y-GT activities-four out of five receiving flucloxacillin, one out of two receiving Septrin, and one receiving sulphadimidine.
IN VITRO STUDIES
Addition of tobramycin and gentamicin to fresh normal urines at concentrations which may be attained during treatment did not affect y-GT activity (Table 4) . Figure 3 shows that the degree of increase in the urinary y-GT was inversely related to the initial creatinine clearance, and that this applied to all three antibiotics.
RENAL FUNCTION
Three patients showed changes in creatinine clearance which could only be related to treatment with the antibiotic. WS received two courses of gentamicin for a chronic diabetic foot ulcer. His creatinine clearance fell from 116 ml/min to 82 ml/min during his first course and further to 70 ml/min during his second course. RN showed an increase in creatinine clearance from 29 ml/min during gentamicin therapy to 42 ml/min 13 days post-gentamicin. DE showed an increase in creatinine clearance from 84 ml/min during streptomycin therapy to 101 ml/min post-streptomycin. Chronic renal failure ***The values were too low to be measured, but they were normal for chronic renal failure. Tables 1-3 show that many of the patients were receiving other drug therapy, but no relationship between the degree of elevation of urinary y-GT and other drug therapy could be discerned in these patients. Creotinine clearonce (mi/min) Fig. 3 Relationship between initial creatinine clearance and urinary y-GT response for patients on the aminoglycoside antibiotics.
All of the aminoglycoside antibiotics are potentially nephrotoxic, as has been shown in animal studies (Falco et al., 1969) . It has been reported that there has been a reluctance to use gentamicin, particularly in the presence of renal impairment (Scottish Gentamicin Symposium, 1975) , but most of the published reports on nephrotoxicity mention only an occasional patient showing deterioration in renal function, and this is often in combination with other drug therapy, particularly the cephalosporins (Shimizu, 1969; Falco et al., 1969; Fillastre et al., 1973; Kleinknecht et al., 1973; Cabanillas et al., 1975) . Klastersky et al. (1974) compared tobramycin and gentamicin and noted 'azotaemia' in one patient on the former and in two on the latter antibiotic out of a total of 62; while an international study reported by Speirs (1976) found 1-3% of renal abnormalities, chiefly nitrogen retention, out of 2789 patients treated with tobramycin.
However, Wellwood et al. (1975) (Wellwood et al., 1976) .
The present studies using the proximal tubular enzyme, y-GT, have confirmed the findings of Wellwood. All patients treated with tobramycin and gentamicin have shown elevated activities of urinary y-GT, but less than half the patients treated with streptomycin have shown such a change, and where elevations are present they are of a lesser degree. The lesser response of the streptomycin group is in keeping with the comparative nephrotoxicities of the aminoglycoside antibiotics reported by Falco et al. (1969) . Kanamycin has also caused an increase in urinary y-GT activity (Beck and Chaudhuri, 1976) .
Three of the 41 patients showed changes in creatinine clearance which could only be ascribed to treatment with the aminoglycoside, but these were of a fairly mild nature. However, an important relationship was found to exist between the degree of elevation of the urinary y-GT and the initial creatinine clearance: the poorer the initial renal function, then the greater was the response to the aminoglycoside antibiotic. In the present study a greater number of patients on streptomycin than on the other antibiotics had normal creatinine clearances and therefore would be expected to show a lesser y-GT response. But Fig. 3 shows that even when similar creatinine clearances are compared, the y-GT response to gentamicin and tobramycin appears greater than the response to streptomycin. Klastersky et al. (1974) reported that two of the three patients who showed 'azotaemia' after tobramycin or gentamicin therapy had high serum creatinine levels before treatment. Unfortunately details as to the degree of 'azotaemia' are not given. The nephrotoxicity of other drugs may also be dependent on the level of renal function (Warren etal., 1974) .
Although most of the patients were also receiving other drug therapy, no relationship could be found between the y-GT response, either temporally or in degree, and any other treatment. But obviously a more controlled trial is needed, especially for the influence of frusemide on the aminoglycoside response (Dodds and Foord, 1970) . One of the surprising findings of the present study was that 'control' patients on flucloxacillin also showed elevations of urinary y-GT. Reports of nephrotoxicity of flucloxacillin have not been found, although nephritis is a very rare complication of high-dose penicillin or methicillin therapy (Baldwin et al., 1968; Simenhoff et al., 1968) .
The aminoglycoside antibiotics are of great value in the control of many severe infections, and clinically important nephrotoxicity is rare. However, renal enzyme changes due to these antibiotics are common and are more marked in patients with preexisting renal dysfunction; therefore treatment with these antibiotics should be remembered as a possible cause of deterioration in renal status, particularly in such patients. Urinary y-GT is a useful enzyme for the study of renal drug effects. 
